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The control panels are wired for general-purpose use for all problems which can 
be reduced to a chain of arithmetic operations. Since the CPC operates normally at the 
rate of 150 cards per minute with a fixed amount of calculate-time between cards, the 
problem has been to design control panels which make maximum use of this calculate- 
time and still retain a simple and flexible coding system. The best use of the available 
calculate-time is made when there are two operations performed, one of them being 
addition. A single operation does not use all the calculate-time, and the time required 
for a double operation in which the operations are combinations of multiply and divide 
will in the majority of cases exceed the calculate-time. 

A three-address coding system is a system in which the coder may address two 
numbers to read into the calculating unit and store the result of an operation between 
the two. A four-address coding system allows the coder to read three numbers into the 
calculating unit and store the result of the calculation, which now is an operation between 
two of the numbers and a further operation between the third number and the result of 
the first operation. Both systems, including several transcendental functions and some 
special operations, are now available to the coder in this set-up. The three factors are 
delivered over three channels called A, B, and X. The result is returned over channel 
C. Some operations on these factors, such as absolute values and changing sign before 
operations, are done in the accounting machine. 

Floating-Decimal Calculations ; 

A floating-decimal system represents all numbers in "scientific" notation; as 
x = Xo • 10 , where Xo consists of an eight digit number* in the range, 1 S Xo < 10; the 
number is considered as an integer and seven decimals; p, the exponent of 10 is 
represented as 50 + p where p has the range -50 § p < 50 so that 100 tt = 3. 1415927 • 10^ 

is represented as 3141592752, and i = 3.1830989 • 10"^ is represented as 3183098949. 

n 

This system has a range of p large enough to handle most problems encountered. The 



NOTE: Complete information for wiring the 605 is to be found in the several pages at 
the end of this article. 

*A true floating decimal number contains a digit not zero in the higlt-order (left-hand) 
position. 



ease of coding for this system rather than a fixed decimal system is apparent, as the 
coder does not need to know the magnitudes of numbers during the calculation for scaling 
purposes as the machine automatically scales the result at the end of each operation. 

In multiplication; the Xo's are multiplied and the exponents added. In division; the 
x„'s are divided and the exponents differenced. In addition; the number with the smaller 
exponent is shifted to the right the same number of places as the difference of the 
exponents before it is added to the number with the larger exponent. There is normally 
no loss of figures in multiplication or division, but the addition of two similar numbers 
with opposite sign may occur with a consequent loss of the high order significant digits. 
The machine in this case will shift the remaining digits to the left and reduce the ex- 
ponent to again put the number in floating decimal notation. The now right-hand digits 
will be zero. In the case where two identical numbers are subtracted causing a com - 
plete figure loss the result will be all zeros including the exponent . Rounding is auto- 
matic. The CPC design is such that the result of a division by zero is zero. 

If the machine operates upon numbers which are not in true floating-decimal 
form correct results will be obtained except in division. If there are more high-order 
zeros in the denominator than in the numerator, the result will be zero. 

Operations ; 

The only possible calculational operations are shown in Table I. One card time is 
defined as . 4 seconds. 

The arithmetic operations are virtually self-explanatory except for the design in 
which the order of the operations in column 3 of the instruction field take place. The 
three address codes perform only a single operation such as A + B, A • B, or A -f B, 
and require only a single punch in the operations column. The four address codes 
require multiple punches as they perform two operations. The design is such that a 3 
punch takes precedence over a 4 or a 1 punch, and a 4 punch takes precedence over a 1 
punch. A Y punch will interchange the order of precedence of the operations, a 2 punch 
will interchange the order in which B and X are used in the calculation, and a and a 2 
punch will interchange the order in which A and X are used in the calculation. The 
wiring code gives the order of operations such that a capital letter means the first 
operation and a small letter stands for the second operation. A capital letter does not 
necessarily imply a second operation, but a small letter definitely means a first operation 
has preceded it. For example: 

A means add the first number to the second number: 

A + B, A + X if I, or X + B if i. 
M means multiply the first number by the second number: 
AB, AX if I, or XB if i. 



D means divide the first number by the second number: 

A + B, A + X if I, or X + B if i. 
a means add the result of the first operation to the third number, 
m means multiply the result of the first operation by the third number, 
d means divide the result of the first operation by the third number. 
An example of the coding is as follows: 



Code Punch 


Wiring Code 


Operation 


1 


A 


A + B 


3 


M 


AB 


1,3 


M,a 


(AB) + X 


1,2,3 


M,a,I 


(AX) + B 


\l. I 


M,a,i 


(XB) + A 


Y,l,3 


A,m 


(A + B) X 


Y,l,2,3 


A, m, I 


(A + X) B 


Y, 0,1, 2, 3 


A, m, i 


(X + B) A 



B and X interchange is coded by the symbol I, the code punch is a 2. 

A and X interchange is coded by the symbol i, the code punch is a and a 2. 

There is no operation A, a. 

The special operations which may be used only with the arithmetic operations are 
an X punch in column 3 and an X punch in column 7 of the instruction field. These 
instructions are respectively "Do Not Shift Left" and *'Do Not Round", their wiring 
codes are N and n. 

Do Not Shift Left (N) 

This operation is useful in a variety of ways. It can be used to convert floating 
decimal numbers to a fixed decimal system. For example: if the coder punches the 
operation A and N, addresses one of the factors of the addition to read-in as 0000000051, 
and the other factor as the number to be converted to fixed decimal, all of the channel 
C results will be arranged as two integers and six decimals with the exponent 51, If 
any factor has an exponent greater than or equal to 51 the number will read-out on 
channel C unchanged. If any factor has an exponent less than 51 it will be shifted to the 
right until it is in the form of two integers and six decimals. If the numbers are 
shifted to the right they will be properly rounded. 

The operation is also useful in checking the answers from the solution of several 
simultaneous equations. If the solutions are fed into the left-hand side of the equation 
and the operation N is used, and that result as well as the original right-hand side of the 
equations are printed together, the coder can tell at a glance the accuracy of the 
solution. 



Another use of this order which may speed-up the rate of calculation is in the 
cross-product and sum of two columns of numbers. If the N operation is coded for all 
operations except the last, and if a loss of figures might occur in the individual sums, 
the number will not shift left with the consequent time loss, and the machine will only 
shift to the left after the last operation. This result will have the exponent of the 
largest cross-product. 

Do Not Round (n) 

This operation is used mainly for finding the integral part of a number. If the 
coder punches the operation A and n, and addresses one of the factors to read-in as 
0000000057, and reads-in the other factor as the number of which the integral part is 
desired, the machine will shift off to the right the decimal part of the number and then 
shift the integral part back to the left without rounding. If the exponent is greater than 
or equal to 57 the number will be unchanged. 

Transcendental Operations: 

The transcendental operations are coded as 5, 6, 7, 8, and 8, or 9 and will 
calculate respectively the square root of the ab solute value of the number addressed on 
channel A, the exponential of the number addressed on channel B, the natural logarithm 
(loge) of the absolute value of the number addressed on channel B, the sine of the number 
addressed on channel B, the cosine of the number addressed on channel B, and the 
arctangent of the number addressed on channel B. Other numbers must be addressed 
to read-in on channels A and X of the last five operations. They are listed under the 
proper functions below. 

Square Root of I A | : 

Operation code punch 5; wiring code R. 
The range of A is 10"^° S |A1 < 10=°. 
The operation requires approximately three card times. 
The error is not more than one or two in the eighth figure. 

The coder does not have to address other numbers to read-in on channels B or X. 
The method of computation is as follows. The number A is considered as |Xol • IC. 



If p is even the result on channel C is ViXol • 10"^*. If p is odd the result on channel 

. p-i 

C is vlOIXol • 10 2 . The method of getting the square root is the Newton iteration 

technique: 

yn + 1 = 2 [§ + yn] where z is fxol or 10 Ixd. 

When y„ + 1 equals y„, that result and the proper exponent is read-out onto channel C. 
The starting value for yo is generated in the machine as 99999999. 



Exponential of B; 

Operation code punch 6; wiring code E. 

The range of B is IB I < 50AlO = 115.12925. 

The operation requires approximately six card times. 

The error is not more than one in the seventh figure. 

The coder must address/nlO = 2302585150 to read-in on channel A and iiJilO = 
1151292550 to read-in on channel X. 

K the range of B is exceeded the exponent will be out of the range -50 ^ p ^ 50. 
The result on channel C will be correct except for the wrong exponent. For example, 
g^so ^ 7 1750960-^' will read-out as 7175095984 and e^^° = 1. 3937096. 10«= wiU read-out 

as 1393709715. 

The method of computation is as follows. B is positioned so that a division by 
inlO will give only the integral part as the quotient. Define this quotient as i and the 
remainder as r. This splits B into two numbers such that B = i/nlO + r. Since 
giinio _ JO' ^ then e^ = e'"*"^" * "" = 10' • e'. A further reduction is now made. The 
absolute value of r is now tested to see whether it is less than or greater than i/nlO. 

•r. , -Ql+lllr-M ■^nlo 

H Irl ^i/nlO, e^ = 10' • e'. If |r I >i/nlO, e" = 10 '-e ' 

The argument of either of the above exponentials is now less than i/nlO in absolute value, 
and the series calculated is: 

17 

S x" 
»=<' "nT 

Logarithm of I B I : 

Operation code punch 7; wiring code L. 

The range of B is 10"" < 1B| < 10«. 

The operation requires approximately nine card times. 

The error is not more than one in the seventh figure. 

The coder must address VTO" = 3162277750 to read-in on channel A andYnlO = 
2302585150 to read-in on channel X. 

If the range of B is exceeded the number will be calculated properly, but since the 
machine can only sense two integers, and any number greater than 43-/nl0 is greater 
than 100, the high order digit will be discarded, and the next eight digits will be read- 
out. For example, -^n 9. 8765432 • 10" = 110. 511662 wiU read-out as 1051166251. 

The method of computation is as follows. Consider B as Xo • 10". Then: 
if Xo s /To" 

in (Xo • 10") = /nxo + p/nlO 

g 13 „2n+l X 1 

whereAx„=2 Z^ |__j , y = g^^ , 



or if x„ > VTO" 

/n(x„ . 10") =/n/x^ \+ (p + i) AlO, 



where X n Xo_ =2 2 y^"''^ , y = Xp - VTO~ 

/W "=" 2n+l X..VTO- 



Sine of B : 

Operation code punch 8; wiring code S 

The range of B is lO''' < |B| < 10^ B in radians. 

The operation requires approximately six card times. 

The error is not more than one in the seventh decimal . 

The coder must address rr = 3141592750 to read-in on channel A and ^tt = 
1570596350 to read-in on channel X. 

If B is in the range lO'^" s |b| < lO"', the result will be all zeros including the 
exponent. If B is in the range 10' s |b| < 10'°, the machine will calculate, but the 
result will bear no relationship to sin B. 

The method of computation is as follows. B is positioned properly in the range of 
five integers and seven decimals according to the exponent of B. (If IB I S 10"', B is 
shifted out of the machine to the right so that all zeros result). Now a division by J7 will 
give only the integral part as the quotient. Define this quotient as i and the remainder 
as r. This splits B into two numbers such that B = ij7 + r. A further reduction is now 
made. The absolute value of r is tested to see whether it is less than or greater than 
\-n and i is tested to see whether it is even or odd. These tests determine in which 
quadrant B lies, and the argument y, obtained from r is: 

First quadrant: i even, |r| g^ir; y = r. 

Second quadrant: i even, |r| >i7r; y= -r+-'7r. 

Third quadrant: i odd, |r| gfrr; y = -r. 

Fourth quadrant: i odd, |r| > ^tt; y = r-'-' tt. 

The argument, y, is now less than I77, and the series calculated is: 

8 

Sin B = S ( - )" x^"*^ 

(2n+l)! 

Cosine of B : 

Operation code punch and 8; wiring code C. 

The range of B is 10''' < IB I < 10% B is in radians. 
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The operation requires approximately six card times. 

The error is not more than one in the seventh decimal . 

The coder must address -n = 3141592750 to read-in on channel A and ^ n = 
1570796350 to read-in on channel X. 

The method of computation is the same as for sin B except fir is added to B 
before the division by tt. 

Arctangent of B : 

Operation code punch 9; wiring code T. 

The range of B is 10"'' < IB I < 10=°. 

The operation requires approximately nine card times. 

The error is not more than one in the seventh decimal . 

5 
The coder must address 0.1 = 1000000049 to read-in on channel A and -^ir = 

7853981650 to read-in on channel X. 

If B is in the range 10'^° ^ |B| < 10"'', the result will be all zeros including the 
exponent. If B is in the range 10'' < IB I < 10^° the result will be ijj. 

The method of computation is as follows. The reciprocal of B is found. B and 
its reciprocal are tested to see which is less than or equal to 1.0 in absolute value. 
The smaller value is now shifted into the form of one integer and seven decimals. This 
value is now tested to determine whether it is less than or greater than 0. 4 in absolute 
value. This will place B in one of four ranges, and the function calculated is as 
follows: 

10"^° S IBI <0.4 arctan B = -^ arctan IB I , 



0.4< IBI gl.O 


arctan B = i^ 


1 "R ! 

iff + arctan -|g-j- 


- 1 

TT 


J 


1.0< IBI S2.5 


arctan B = i^ 


J. 

iff - arctan .g. - 1 

IBI-I. 


, and 


2.5< IBI §10^° 


arctan B = i^i 


iff -arctan 1 




e arguments above 


U —1 

are now less than 0. 43 and the series calculated 




2n + l 









Other transcendental functions can be card programmed from the previous 
functions by making use of the following relationships: 



The exponential and hyperbolic functions : 

ob — pb -^na 

sinh y = i[e'' - e'^]. 
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cosh y = |[e'' + e-y] . 

The logarithmic and arc-hyperbolic functions : 

arcsinh y = /n [y + Vy^ + 1 ] . 
arccosh y = ±/n [y + Vy^ - 1 ] . 
arctanh y = ^n [(1 + y) / (1 - y)] . 
A(a + ib) = i/n (a* + b^') + i arc tan (b/a). 



The circular functions: 



The arc -circular functions : 



tan y = sin y/cos y. 

cot y = cos y/sin y. 
sec y = 1/cos y. 
CSC y = 1/sin y. 



arcsin y = arctan [y/ VI - y^ ] . 
arccos y = arctan [ VI - y^ /y ] 
arccot y = 7r/2 - arctan y. 
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TABLE I 
Arithmetic Operation 

(The operation in parentheses is the first operation) 



Code Punch 


Operation 


Wiring 


Calculate 


Col. 3 




Code 


Selector 


1 


A + B 


A 


4 


3 


AB 


M 


6 


4 


A/B 


D 


7 


1,3 


(AB) + X 


M,a 


6,12 


1,2,3 


(AX) + B 


M,a,I 


6,12,5,11 


0,1,2,3 


(XB) + A 


M,a,i 


6,12,2,3 


Y,l,3 


(A+B)X 


A,m 


4,13 


Y,l,2,3 


(A+X)B 


A,m,I 


4,13,5,11 


Y, 0,1, 2, 3 


(X + B)A 


A,m, i 


4,13,2,3 


1,4 


(A/B) + X 


D,a 


7,12 


1,2,4 


(A/X) + B 


D,a,I 


7,12,5,11 


0,1,2,4 


(X/B)+A 


D,a,i 


7,12,2,3 


Y,l,4 


(A + B)/X 


A,d 


4,14 


Y,l,2,4 


(A+X)/B 


A,d,I 


4,14,5,11 


Y,0,l,2,4 


(X + B)/A 


A,d,i 


4,14,2,3 



The above operations require one card time if there is no loss 
of figures necessitating a shift to the left. 



Code Punch 


Operation 


Wiring 


Calculate 


Col. 3 




Code 


Selector 


3,4 


(AB)/X 


M,d 


6,14 


2,3,4 


(AX)/B 


M,d,I 


6,14,5,11 


0,2,3,4 


(XB)/A 


M,d,i 


6,14,2,3 


Y,3,4 


(A/B) X 


D, m 


7,13 


Y,2,3,4 


(A/X) B 


D,m,I 


7,13,5,11 


Y, 0,2, 3, 4 


(X/B) A 


D,m,i 


7,13,2,3 


0,3 


(AB)X 


M, m 


6,13 


0,4 


(A/B)/X 


D,d 


7,14 


0,2,4 


(X/B) /A 


D,d,i 


7,14,2,3 



These operations will in the majority of cases require two 
card times; one card time otherwise. 
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(Table 1 continued) 



Transcendental and Special Operations 



Code Punch 
Col. 3 



5 
6 

7 

8 

0,8 

9 



X 
X in Col. 7 



Operation 



/TaT 

_B 



/nIBI 
sin B 
cos B 
arctan B 



Do not shift left 
Do not round 



Requirements and Usage 



No read-in on B necessary 

Read-in /nlO on A and 1/2/nlO on 
X 

Read-in V 10 on A and /nlO on X 

Read-in tt on A and ir/2 on X 

Read-in tt on A and 7r/2 on X 

Read-in 1/10 on A and 5jr/2 on X 



Used only with arithmetic operations 
Used only with arithmetic operations 



Wiring 
Code 



R 

E 

L 
S 
C 
T 



N 
n 



Calculate 
Selector 



1,8,9 
12,15,16 

10,13 
11,15,16 
2,11,15,16 
7,17,18 



1G,18 
Channel shift 
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CPC MODEL n 605 PLANNING CHART 

The following pages show the planning charts for the 605 Control Panel. It should 
be specifically noted that the 605 must have "Modified Group Suppress" and also must be 
made to operate as if the electronic units located at I-5-U and I-7-T were removed. 

Factor A is read into GS 1 & 2, GS4; B into FS 1 & 2, GS3; and X into FS 3 & 4, 
MQ. The eight significant digits of Factor A are read into GS 1 & 2 and the two digits 
representing the exponent of A are read into GS4. Similarly the eight significant digits 
of Factor B are read into FS 1 &2, the exponent digits of B into GS3, the eight significant 
digits of X into FS 3 & 4 and its digits representing the exponent into MQ. Factor C is 
developed in the low order positions of the counter and read out from the counter. The 
exponents of A, B, and X are always read in positively. 



The following abbreviations are used in the charts: 

P - Plus Balance. 
M - Minus Balance. 
Z - Zero Balance. 
NZ - Non-zero Balance. 
Sup - Suppress without test. 
GS#1APU & #1A - Group Suppress #1, A side. 
GS#1BPU &#1B - Group Suppress #1, B side. 
Similarly for Group Suppress #2, #3, and #4. 



A - Add first. 
M - Multiply first. 
D - Divide first, 
a - Add second, 
m - Multiply second, 
d - Divide second. 
I - Interchange B and X. 
i - Interchange A and X. 

Do not shift left. 

Do not round. 

Shift left. 



N 
n 
s 
R 



ViAl 
B 



E - e- 
L -^nB. 
S - Sin B. 
C - Cosin B. 
T - Arctan B. 

t - Arctan B, second sweep 
of reduction. 
Series - Series calculation, 
sis - Series last sweep 
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PANEL A 








READ OUT 


READ IN 


SHIFT 


PROGRAM 


COMMENT 




EXIT 1 


EXIT 2 


EXIT 3 


SUPP 


PU 


1 


GS4(53) 


Ctr+ 


RptDelPU(l) 


#1A 


MDTR 




2 


emit 5 


Ctr+ 2) 


in 2 


#1A 




3 


GS3(4) 


Ctr+ 6) 




#1A 




4 


MQ(52) 


GS3 




#5 


MDTR 




5 


R&R(7) 


GS4 




#1A 




6 


GS1&2 56) 


Ctr+ 


m 


#1A 




7 


FS1&2 9) 


Divide 






DT 




8 


R&R 


GS1&2(55) 








9 


GS1&2{54) 


Ctr+ 


in 6 






10 


MQ 


GS1&2(55) 


in 3 




DT 




1 1 


FS1&2(9) 


Divide 


Reset 






1 2 


MQ 


Ctr+ 


in 2 






13 


GS1&2(54) 


Ctr+ 


(8) 


#7 


MDTR 




14 


emit 5 


Half-add (62) 


in 2 


#7 




15 


RO 


aSl&2(55) 


out 3 


#7 




16 


emit 5 


HaK-add (62) 


in 2 


#7 


MD'l'R 




17 


emit 4 


Half-add (62) 


in 3 


#7 




18 


RO 


FS1&2(11) 


out 4 


#7 




19 


GS1&2(54) 


Ctr- 


in 3 


#7 


MDTR 




20 


emit 1 


ZT. Reset (59) 


in 4 


#1A 




2 1 


FS1&2(9) 


GS1&2(55) 




#9 




22 


GS4 


Ctr+ 






a 




23 


emitl 


Ctr+(6) 




#10 




24 


RO 


GS4 








25 


GS3 


Ctr-.BT 






a 




26 


GS3 


GS4 




P 




27 


FS3&4(12) 


FS1&2(10) 








28 


GS1&2(54) 


FS1&2 




P 


a 




29 


FS3&4(56) 


GS1&2(55) 




P 




30 


R&R 


MQ 








31 


MQ 


Half-add 


GS#3APU 




a 




32 


emit 4 


Ctr-,BT 








33 


emit 4 


Ctr+ 


GS#2APU 


P 




34 


emit 3 


Ctr-.BT 






a 




35 


emit 3 


Ctr+ 


GS#1APU 


P 




36 


emit 1 


Ctr-,BT 








37 


emit 1 


ZT. Reset 






a 




38 


FS1&2 


Ctr+ 


in 3 


P 




39 


FS1&2 


Ctr+ 


in 2 


M.NZ 




40 


FS1&2 


Ctr+ 




M,Z 


a 




41 


R&R 


FS1&2 


out 4 


#1A 




42 


FS1&2 


Ctr+ 




#1A 




43 


R&R 


FS1&2 


out 5 


#2A 


a 




44 


FS1&2 


Ctr+ 




#2A 




45 


GS1&2(54) 


Ctr+ 


in 3 






46 


emit 5 


Half-add(62) 


in 2 




AMDs 




47 


RO 


GS1&2 


out 3 






48 


emit 5 


Half-add (62 




in 2 






49 


emit 4 


Half-add (62 




in 3 




AMDs 




50 


RO 


FS1&2 


out 4 






51 


emit 1 


FS3&4 


in 6 






52 


FS3&4 


ZT, Reset 


in 6 




AMDs 




53 


FS1&2 


GS1&2 


GS#3BPU 


Z 




54 


GS1&2 


Half-add 


BT 






55 


emitl 


Ctr-,BT 


GS#1BPU 


NZ 


AMDs 




£6 


FS3 &4 


ZT, Reset 


in 3 






57 


RptDelPU(13> 


Prog Rpt 


RS#1PU 


#12 




58 


GS1&2 


Ctr+ 


in 3(14) 


#13 


AMDs 




59 


GS4 


Half -add 




M 




60 


emit 1 


Half-add 




mA 
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PANEL B 





READ OUT 


READ IN 


SHIFT 


PROGRAM 


COMMENT 




EXIT 1 


EXIT 2 


EXIT 3 


SUPP 


PU 


1 


GS4(15) 


Ctr+ 


GS#2BPU 


#16 


Series 
sis 




?. 


emit 4(16) 


Ctr-.BT 




#14 




^ 


emit 3(17) 


Ctr+ 


(18) 






4 


R&R 


GS4 


Prog Rpt 




Series 
sis 




5 


GS1&2 


Ctr-(19) 


GS#1APU 


#17 




6 


GS1&2 


Ctr+ 


GSW2APU 


#18 




7 


RO 


MQ 






M 

Series 
sis 




fl 


R&R 


GS1&2(55) 


out 6 






q 


FS1&2(9) 


Multiply 








in 


GS1&2(54) 


MQ 


(^0) 




M 
Series 

sis 




1 1 


R&R 


GS1&2(55) 


out 6 






1? 


FS1&2(9) 


Multiply 








13 


GS1&2 


Ctr+ 


(20) 




Series 
sis 




14 


R&R 


GS1&2 


out 3 (21) 


#22 




15 


GS4 


MQ 


in 4 


#22 




16 


GS1&2 


Multiply 




#23 


Series 
sis 




17 


GS1&2 


Ctr-(22) 


in 4 


#22 




IR 


MQ 


GS1&2 


in 4 


#22 




19 


emit 1 


Ctr- 


GS#3APU 


#1A 


s 




?0 


R&R 


GS4 




#1A 




?l 


GS1&2 


Ctr+ 


in 4 


#1A 




?? 


GS1&2(54) 


Ctr+ 


in 5 


#24 


A 

If not a, 

then M or D. 




?3 


emit 5 


Half-add (62) 


in 4 


#24 




?4 


RO 


GS1&2(55) 


out 5 


#24 




?Fi 


emit 5 


Half-add (62) 


in 4 


#24. 


A 

If not a, 

then M,or D. 




?6 


emit 4 


Half-add (62) 


in 5 


#24 




?>7 


RO 


FS1&2(10) 


out 6 


#24 




?8 


GS1&2(54) 


Ctr- 


in 5 


#24 


A 

If not a, 

then M or D. 




?9 


emit 1 


ZT. Reset 


in 6 


#24 




:^o 


FS1&2(9) 


GS1&2(55) 




#25 




3 1 


GS4(57) 


Ctr+ 


GS#3APU 




A 

If not a, 

then M or D. 




y<? 


emit 1 


Ctr+i 6) 




#10 




H3 


GS3(24) 


Ctr+^ 25) 




#29 




34 


emit 5 


Ctr+ 26) 


in 2 


#29 


A 

If not a, 

then M or D. 




35 


emit 1 


Ctr- 




#28 




36 


R&R 


GS4 








37 


GS1&2(54) 


Ctr+ 




#29 


If not d, then A. 
If not a or d, 
then M or D. 




3fl 


RO 


MO 




#29 




39 


R&R 


GS1&2(55) 


out 6 


#29 




40 


FS3&4(12) 


Multiply 




#29 


If not d, then A 
If not a or d, 
then M or D. 




41 


GS1&2(54) 


MQ 




#29 




4? 


R&R 


GS1&2(55) 


out 6 


#29 




43 


FS3&4(12) 


Multiply 




#29 


If not d, then A 
If not A or d, 
then M or D. 




44 


GS1&2 54) 


Ctr+ 




#29 




45 


GS1&2 54) 


Ctr+ 


in 3 


#30 




46 


R&R 


GS1&2 


out 4 




Series 




47 
4fl 




RptDelDO 


GS#1BPU 


#2A 




RS#9&10PU 


RptDelPU 


RS#7&8PU 


P 




49 


R&R(43) 


FS3&4(44) 


out 3 (45) 




R,sls 




50 


emit 2 


MQ 


in 3 


#20 




51 


emit 1(46) 


MQ 


in 4 (21) 


#11 




5f> 


GS3 


MQ 


in 2 


#39 






53 


FS3&4 


Multiply 


(3) 


#19 


R, sis 




54 


FS1&2 


Multiply 




#22 




55 


MQ 


GS1&2 


in 5 


#15 


R, sis 




5R 


RO(47) 


FS3&4(4d) 


out 5(23) 


#16 




57 


FS1&2 


Ctr-,BT, Reset 


in 5 


#22 




58 


FS3&4 


FS1&2 


Prog Rpt 


#21 


\ R, sis 




59 


FS3&4 


Ctr+ 


in 3 


#42 




60 GS3 


Ctr+ 




#42 
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READ OUT 



EXIT 



GS4(53) 



GS3(4) 
GS3(28) 



R&R 



GS1&2(54) 



FSlfc2(9) 



RfcR 



GS3(4) 



emit 4 



emit 4 



12 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



emit 3 



emit 3 



emit 1 



emit 1 
FS1&2(9) 



FS1&2(9) 



FS1&2(9) 



R&R 



FS1&2(9) 



R&R 



FS1&2(9) 



R&R(32) 



FS1&2 



emit 4(49)' 



26 



27 



28 



29 



30 



31 



32 



33 



34 



35 



36 



37 



38 



39 



40 



41 



42 



GS1&2 



GS1&2 



emit 1 



MQ 



GS3 



emit 5 



emit 5 



R&R 



FS1&2 



GS1&2 



GS1&2 



RO 



GS1&2 



GSlfc2(54) 



FS1&2(37) 



R&R 



GS1&2(40) 



43 



44 



45 



46 



47 



48 



49 



50 



51 



52 



53 



54 



55 



56 



57 



58 



59 



MQ 



FS1&2(38) 



MQ 



GS1&2(40) 



RO 



FS3&4 



FS1&2 



MQ 



emit 1 



emit 2 



emit 1 



RO 



FS1&2 



FSlfc2 



GS1&2 



R&R 



emit 2(42) 



60 



emit 7 



R&R 



READ IN 



EXIT 2 



Ctr+ 



Ctr-.BT 



Ctr+(29) 



GS3(31) 



Ctr+ 



GS1&2(55) 



FS1&2(10) 



HaK-add 



Ctr-.BT 



Ctr+ 



Ctr-.BT 



Ctr+ 



Ctr-.BT 



ZT. Reset 



Ctr+ 



Ctr+ 



Ctr+ 



FS1&2(10) 



Ctr+ 



FS1&2(10) 
Ctr+ 



FS1&2 



Ctr+(33) 



GS1&2(50) 



Divide 



ZT. Reset 



MQ 



GS1&2 



Ctr+ 



Ctr- 



Ctr+ 



GS3 



HaU-add 
FS1&2 



Ctr+ 



FS1&2 



Ctr-(60) 



Ctr+(36) 



Divide 



GS1&2(39) 



Ctr+ 



GS1&2(39) 



Divide 



Ctr+ 



Ctr+ 



FS1&2 



ZT. Reset 



Ctr+ 



Half-add 



Half-add 
Divide 



PANEL C 



SHIFT 



EXIT 3 



GS#3APU 



RptDelPU 



T3oy 



GS#3BPU 



GS#2APU 



GSIIAPU 



m 



in 4 



in 3 



out 5 



in 2 



out 5 



out 5 



(34) 
in 6(51) 



Prog Rpt 



(34) 



in 5 



in 4 



in 2 



in 3 



GSMAPU 



RptDelPU 



in 5 



Prog Rpt 



in 5 



Ctr-.BT. Reset 



GS3 



Ctr+ 



Ctr- 



ZT 



FS1&2 



Ctr+ 



Ctr+ 



GS4 



out 6(35) 



in 5(61) 



in 5 



GS#1APU 



(27) 



in 6(5) 



in 3 



Reset 



in 2 



in 5 



in 5 



GS^SBPU 



GS#3APU 



in 5 



in 5 



in 5 



out 5(41) 



in 2 



RS#5&6PU 



GS1&2RI 



PROGRAM 



SUPP 



#31 



PU 



ASEt 



#8 



#8 



#8 



M.NZ 



M. Z 



#1A 



#1A 



#2A 



#2A 



ASEt 



ASEt 



ASEt 



ASEt 



ASEt 



COMMENT 



ASEt 



#33 



#32 



#35 



#34 



#19 



#36 



#36 



#39 



#39 



#37 



#39 



#19 



#19 



#40 



#40 



#40 



#41 



SELt 



SELt 



SELt 



SELt 



SELt 



#34 



#34 



#15 
#34 



#43 



#44 



#44 



#15 



#26 



#27 



#38 



DRLt 
Series 



DRLt 
Series 



DRLt 
Series 



SELt 



SELt 



SELt 



SELt 



SELt 
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CALCULATE SELECTORS 



1 R 


• FS1&2 RI 


• Ctr- 


• Ctr+ 


• in 4 


o 




• (54) 


• ZT, Reset 


• Ctr- 


©in 5 


o 




• (58) 


• (59) 


• (60) 


• (61) 


o 


2 C,l 


• FS3&4 RO 


• Ctr+ 


o 


o 


• GS4 RO 




• emit 4 


• GS1&2 RI 


• in 6 


• Sup 


©MQRO 




• (49) 


• (50) 


©(51) 


• RS3-2C 


©(52) 


■3. i 


• MQRO 


• MQ R[ 


• rS3&4 RO 


• FS3&4 RI 


© GS1&2 RO 




• GS4 RO 


• GS4RI 


© GS1&2 RO 


© GS1&2 RI 


© FS3&4 RO 




• (53) 


• CS4-4T 


• (54) 


©(55) 


• (56) 


4 A 


o 


• (53) 


© CS5-5C 


© CS3-2C 


© PSF#4&5 




• Sup 


• GS4 RO 


© GS3 RO 


©Ctr+ 


© CS6-5C 




• #24 


©(57) 


©(24) 


o(29) 


© CS7-4N 


5 I 


• MQRO 


© FS3&4 RO 


© FS3&4 RI 


oMQRI 


© GS3 RO 




o GS3 RO 


o FS1&2 RO 


o FS1&2 RI 


OGS3RI 


©(52) 




• CS8-2N 


• (9) 


©(10) 


•(31) 


© CS4-3T 


6 M 


• Ctr- 


o 


© PSF#1 


« 7-12B 
4-way wire 


^ PSF#3 
CS12-5C 




oCtr+ 


o 


o CS10-3C 


o 


o 




o(2) 


o 












— ® Co4-0rJ 


7 D,T 


©Ctr- 


©in 5 


• NZ 


- PSF#2 
CS17-4C 


©out 4 




• Ctr+ 


o 


• z 


© CS4-5C 


©out 3 




_ CS10-5N 
CS8-3N 


• (8) 


• #10 


© CS15-5N 


•(21) 


8 R 


o 

• RptDelPU 


• emit 2 

• CS5-1C 


• Divide 

- CS10-5N 
CS7-1C 


©PX#5 
©R&R 


©NZ 

o CS14-3C 




• (1) 


• (4) 


• (6) 


©(7) 


©#40 


9 R 


• #7 


• Z 


• FS3&4 RI 


© FS3&4 RO 


© PSF#6&7 







• RS5-2C 


• (55) 


©(54) 


O 




• Sup 


• #41 


• (39) 


©(40) 


© Prog Source 
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CALCULATE SELECTORS 





SF#7 
RS7-2T 


•Ctr+ 


• 22-36, 46-60C 
4-way wire 


• 37-45C 
6 -way wire 


• Ctr- 


10 L 


• #39 


• Ctr- 


o 


o 


- CS7-1C 
• CS8-3N 




• Sup 


• CS12-2N 


• CS6-3N 


• RS10-3N 


• (22) 




• Sup 


• FS1&2 RO 


o 


• P 


• M 


1 1 I,S 


• #1A 


• (56) 


• #44 


• Sup 


• Sup 




• #5 


• (12) 


• Sup 


• #26 


• #27 




o 


• Ctr+ 


o 


• Sup 


• 22-45A 


12 E,a 


• #15 


• CS10-2C 


•#1B 


• #1A 


,22-36B 

4-way wire 




• Sup 


• (19) 


RS5-2T 
• RS8-2N 


• RS8-3N 


_ CS6-5T 
PSF#3 




• Ctr- 


•#30 


• NZ 


• Z 


o 


13 L,m 


• Ctr+ 


• #29 


• #19 


• #19 


o 




•(26) 


•#28 


• #36 


• #37 


o 


14 d 


• Ctr- 

• Ctr+ 


o 
•#28 


• Sup 

• RS5-1C 


• (12) 

• FS1&2 RO 


^37-45C 
6 -way wire 

• 37-45B 




• (25) 


• Sup 


• CS8-5N 


• RS5-5N 


^22-36B 

4-way wire 




• #19 


• Sup 


• emit 4 


• #3B 


• PSF#8 


15 S,E 


• #34 


OP 


• (4) 


o 


CS7-4C 




• Sup 


• #8 


• RS2-1N 


• #32 


• RS10-5N 




•(18) 


• emit 1 


• Z 


• Sup 


o 


16S,E,N 


o 


• emit 2 


• Sup 


• M,NZ 


• Z 




• (20) 


• (42) 


• #43 


• CS18-4T 


CS18-5T 




• PX#2 


• Sup 


• PX#10 


o 


• #3B 


17 T 


• (10) 


• Z 


• in3 


• PSF#3 


o 




• (11) 


• SF#5 


• (14) 


- PSF#2 
CS7-4T 


• RS8-3T 




• #3A 


•#4A 


• (3) 


• CS16-4C 


• CS16-5C 


18 T,N 


• #19 





• RS8-5T 


• M,NZ 


• Z 




• #20 


•#11 


• PX#3 


• #12 


•#13 
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REPEAT SELECTORS 



1 s 


• 19-21B 


• RptDelDO 


, 46-60A 
5-way wire 


o 


O ' 




• RS4-2C 


• RptDelPU 


• RS4-3C 


o 


o 




• Prog Source 


• (13) 


• Prog Source 


o 


o 




• emit 1 


o 


o 


• RO 


• GS3 RI 


2 t 


• CS15-3C 


• GS#3BPU 


• P 


• R&R 


• Ctr+ 




• (28) 


• (30) 


• #31 


•(32) 


•(33) 




• in 6 


o 


• Z 


• PX#9 


• Ctr- 


3 t 


o 


• #35 


• #19 


• out 6 


• (26) 




•(34) 


• CS2-4C 


• RS5-2N 


• (35) 


• RS5-3N 


4 t 


• out 3 


^ 1-21C 

4-way wire 


^ 37-45C 
6 -way wire 


^ 22-36, 46-60C 
4-way wire 


o 




• out 5 


• RS6-1C 


• RS6-4C 


o 


o 




• (41) 


• RSl-lN 


• RS1-3N 


• Prog Source 


o 


5 Series 


• Sup 


CS12-3C 
RS8-2N 


• Ctr+ 

• RS3-5C 

• (36) 


• GS1&2 RO 


• GS4 RO 
— • rS14-4C 




• CS14-3N 


• CS9-2N 


• (37) 


• (38) 


6 Series 


• PSF#9 

• RS10-5C 


• out 2 

o 


o 

• in 6 


^ 7-12B 
4-way wire 

• RS10-3C 


^37-45C 
6 -way wire 

o 




• RS4-2N 


• (27) 


• (5) 


• RS4-3N 


• Prog Source 


Series 
Last 


• GS3 RO 


- SF#7 
CSIO-IT 


• emit 1 


• #15 


• emit 5 


7 Sweep, 
sis 


• GS4 RO 


o 


• emit 4 


o 


• emit 3 




•(15) 


• #14 


• (16) 


• #16 


• (17) 




• in2 


• #20 


• CS17-5C 


• #22 


• CS18-3N 


8 sis 


o 


CS12-3C 
RS5-2T 


• CS12-4C 


o 


• R&R 




• (18) 


• #17 


• #18 


• Sup 


• (43) 




• MQRI 


• RS#1PU 


• emit 1 


• GS1&2 RO 


• Ctr+ 


9 sis 


• FS3&4 RI 


• out 3 


• emit 5 


• RO 


• FS3&4 RI 




• (44) 


• (45) 


• (46) 


• (47) 


•(48) 


10 sis 


• in 4 

• out 5 


• Sup 

• P 


, 7-12B 
4-way wire 

• CS10-4C 


• Sup 

• M 


• PSF#10 

• CS15-5C 




• (23) 


• #21 


• RS6-4N 


• #42 


• RS6-1N 
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PROGRAM SOURCE FILTERS 



I • CS6-3T 

„ - CS7-4T 
'^ CS17-4C 

3 • CS17-4N 

4 •CS4-5T 

5 • 
>CS9-5T 



:r 



8 •CS15-5T 

9 •RS6-1T 
10 ORS10-5T 



1-6,13-21A 



CS6-5T 
CS12-5C 

^ 22-36B 
4-way wire 



X 



1-21C 



way wire 



I 



1-6,13-18B 



46-60A 
5-way wire 

7-12A 



^ 37-45C 
6-way wire 

-e 49-60B 

^ 22-36, 46-60C 
4-way wire 

• 46-48B 



STORAGE 

ASSIGNMENT 



FSI 


I 


8-6 


6-4 


O 


FS3 


1 1 
1 1 


8-6 


GSI 




8-6 


6-4 


o 


GS3 


o 


8-6 






PROGRAM EXPANSION 




• RS#3&4PU 


• GS1&2 RI 


• GS#3APU 


• Reset 


• emit 1 


• BT 


• Reset 


o 


• GS#4BPU 


• GS3 RO 



CHANNEL 




SHIFT 


c 


• (62) 





• Half-add 


1 


o 


2 


o 


3 


o 


4 


p 


5 


o 



SUPPRESSION FILTERS 



1 


2 


3 


4 


5 


IN WNZ 


• Z 


o 


O 


• CS17-2C 


IN WM 


• M 





o 


• #7 


OUT»39A,etc. 


• 40A,etc. 


o 





• #9 


6 


7 


8 


9 


10 


IN •#22 


- RS7-2T 
CSIO-IT 


• Z 


o 


• #34 


IN ##19 


• #32 


• #24 


o 


• #32 


OUT* #23 


• #33 


• #25 


o 


• #38 
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CS 


RS 


SELECTED OPERATION 


(1) 


8 




none(R), RptDelPU other. 


(2) 


6 




Ctr-(M), Ctr+ other. 


(3) 


18 




PX#3(T), none other. 


(4) 


8 




emit 2(R), MQ RO(I), GS3 RO other. 


(5) 




6 


none(Series), in 6 other. 


(6) 


8 




Divide(R), Ctr-(D), Ctr-(T), Ctr+ other. 


(7) 


8 




PX#5(R), R&R other. 


(8) 


7 




in 5(D), in 5(T), none other. 


(9) 


5 




FS3&4 RO(I), FS1&2 RO other. 


(10) 


5' 




FS3&4 RI(I), FS1&2 RI other. 


(11) 


17 




PX#2 (T) (10) other 


(12) 


11 




FS1&2 RO(I), GS1&2 RO(i), FS3&4 RO other. 


(13) 




1 


RptDelDO(s), RptDelPU other. 


(14) 


17 




PX#10(T), in 3 other. 


(15) 




7 


GS3 RO(sls), GS4 RO other. 


(16) 




7 


emit l(sls), emit 4 other. 


(17) 




7 


emit 5(sls), emit 3 other. 


(18) 




8 


in 2 (sis), none other. 


(19) 


12 




Ctr+(L), Ctr+(E), Ctr- other. 


(20) 


16 




(18) (S), (18) (E), none other. 


(21) 


7 




out 4(T), out 3 other. 


(22) 


10 




Ctr-(T) Ctr-(L), Ctr+ other. 


(23) 




10 


in 4(sls), out 5 other. 

MQ RO (A), GS3 RO(I), GS4 RO(i), GS3 RO other. 


(24) 


4 




(25) 


14 




Ctr-(d), Ctr+ other. 


(26) 


13 




Ctr-(m), Ctr-(l), Ctr+ other. 


(27) 




6 


out 2(Series), none other. 


(28) 




2 


emit 4(S), emit 4(E), emit l(t), (4) other. 
GS4 RI(A), MQ RI(i), Ctr+ other. 


(29) 


4 




(30) 




2 


none(t), GS#3 BPU other. 
MQ RI(I), GS3 RI other. 


(31) 


5 




(32) 




2 


RO(t), RftR other. 


(33) 




2 


GS3RI(t) Ctr+ other. 


(34) 




3 


in 6(t), none other. 


(35) 




3 


PX#9(t), out 6 other. 


(36) 




5 


Ctr-(L), Ctr-(t), Ctr+(Series), Ctr+ other. 


(37) 




5 


GS1&2 RO(Series), (12)(d), FS1&2 RO other. 


(38) 




5 


GS4 RO(Series), (12) (d), FS1&2 RO other. 


(39) 


9 




FS3&4 RI(R), FS3&4 RI(i), GS1&2 RI other. 


(40) 


9 




FS3&4 RO(R), FS3&4 RO(i), GS1&2 RO other. 


(41) 




4 


out 3(t), out 5 other. 


(42) 


16 




emit 1(S), emit 1(E), emit 2 other. 


(43 




8 


PX#3(sls), none(T), RfoR other. 


(44) 




9 


MQ RI(sls), FS3&4 RI other. 


(45) 




9 


RS#lPU(sls), out 3 other. 


(46) 




9 


emit l(sls), emit 5 other. 


(47) 




9 


GS1&2 RO(sls), RO other. 


(48 




9 


Ctr+(sls), FS3&4 RI other. 


(49 


2 




FS3&4 RO(C), emit 4 other. 


(50) 


2 




Ctr+(C), GS1&2 RI other. 


(51) 


2 




none(C), in 6 other. 


(52) 


2 




GS4 RO(i), MQ RO other. 


(53) 


3 




MQ RO(i), GS4 RO other. 


(54 


3 




FS3&4 RO(i), GS1&2 RO other. 


(55 


3 




FS3&4 RI(i), GS1&2 RI other. 


(56 


3 




GS1&2 RO(i), FS3&4 RO other. 


(57) 


4 




(53) (A), GS4 RO other. 


(58) 


1 




FS1&2 RI(R), GS1&2 RO other. 


(59) 


1 




Ctr-(R), ZT, Reset other. 


(60) 


1 




Ctr+(R), Ctr- other. 


(61) 


1 




in 4(R), in 5 other. 


(62 






none(n), Half-add other. (See Channel Shift) 



A - Add first. 
M- Multiply first. 
D - Divide first. 

a -Add second, 
m - Multiply second. 

d- Divide second. 

I- Interchange B and X. 

i - Interchange A and X. 
N - Do not shift left. 

n - Do not round. 

s- Shift l eft. 

r-VjaT. 

E-e^. 
L -Jn B. 
S-Sin B. 
C - Cosin B. 
T - Arctan B. 
t - Arctan B, second sweep 

of reduction. 
Series - Series calculation, 
sis - Series last sweep 



The Calculate or Repeat Selector referred to above is the source of the operation. It 
may be wired to the hubs of other selectors. 
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CS 


RS 


SF 


SUPPRESSION TYPES 


#5 


11 






Sup(I), #1A other. 




#6 


8 






NZ(R), none other. 




#7 


9 






Sup(R), none other. 




#8 


15 






Sup(S), Sup(E), P other. 




#9 






5 


#7&Sup(T), Z other. 




#10 


7 






NZ(D) Z other. 




#11 


18 






#4A(T), none other. 




#12 


18 






Sup(N), M,NZ other. 




#13 


18 






none(N), Z other. 




#14 




7 




none; except if sis, Sup(L), none other. 




#15 


12 






none(E), Sup other. 




#16 




7 




#15(sls), none other. 




#17 




8 




#20(sls), none(E), #1B other. 




#18 




8 




Sup(E), #1A other; except if sis, #3B(T), none other. | 


#19 


15 






Sup(S), Sup(E), none other. 




#20 


18 






#3A(T), #19 other. 




#21 




10 




Sup(sls), P other. 




#22 




8 




Sup(sls), none other. 




#23 






6 


#22&#19. 




#24 


4 






none(A), Sup other. 




#25 






8 


Z & #24. 




#26 


11 






P(S), Sup other, 




#27 


11 






M(S), Sup other. 




#28 


14 






none(d), Sup other. 




#29 


13 






none(m), #28 other. 




#30 


13 






Sup(m), none other. 




#31 




2 




none(t), P other. 




#32 


15 






#3B(S), #3B(E), none other. 




#33 






7 


#32 & Sup{L), none other. 




#34 


15 






none(S), none(E), Sup other. 




#35 




3 




none(C), none(t), Sup other. 




#36 


13 






NZ(L), #19 other. 




#37 


13 






Z(L), #19 other. 




#38 






10 


#32 & #34. 




#39 


10 






none(L), Sup other. 




#40 


8 






Sup(d), Sup(Series), Z(t), NZ(R), #19 other. 




#41 


9 






Z(R), Z(t), #19 other; except if Series, none (E), 


#1B other. 


#42 




10 




Sup(sls), M other. 
Z(S), Z(E), Sup other. 




#43 


16 








#44 


11 






none(S), Sup other. 





The Calculate or Repeat Selector or Suppression Filter referred to above is the source 
of the suppression. It may be wired to the hubs of other selectors. 

P - Plus Balance. 

M - Minus Balance. 

Z - Zero Balance. 

NZ - Non-zero Balance. 

Sup - Suppress without test. 

GS#1APU &#1A - Group Suppress #1, A side. 

GS^IBPU &#1B - Group Suppress #1, B side. 

Similarly for Group Suppress #2, #3, and #4. 
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BOOLEAN NOTATION FOR SELECTOR NETWORKS 



E ric V. Hankam 

Watson Scientific Computing Laboratory 
International Business Machines Corporation 



Let A, B, C, ... represent types of selectors, such as Pilot selectors, Co-selectors, 
Calculator selectors, etc. Denote by Aj the j*^*^ position (point) of selector number i 
of type A. 

1. Single Selector 

We adopt the following notation to indicate the "transferred" and "normal" con- 
dition of a selector. 

y 

Aj (selector transferred) 



T 


y 


N 


o 


C 


y 


T 


o 


N 


y 


C 


y 



= A j (selector not transferred) 

In Logic A denotes the negation of A; other notations for A are A' or ~A. 

The above representation, while sufficient to outline a problem involving selectors, 

y <^ 

does not describe a wiring diagram uniquely, since ° is equivalent to ° and 

°^ is equivalent to °^ Whenever desirable to differentiate between these two 

cases, we can denote circuits where the direction of the impulse is toward the C-hub of 
the selector by: 

T 

N ° Aj and 

C M^ 
where, logically, Aj = Aj and A . = A . . 

It should be noted that the numbering (i) of the selectors as well as the numbering 
(j) of the individual points of a multiple position selector is arbitrary. For example, 
two 5-position Co-selectors coupled to a 2-position Pilot selector form a twelve 
position selector group which we may call A*. The numbering (j) of the twelve 
positions is then arbitrary. 



T 







N 


y 


A^ 
—J 


C 


y 
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II Combination of Selectors 

Consider two selectors A' and A** . For simplicity we shall omit subscripts when- 
ever dealing with single position selectors. Furthermore, whenever convenient, we 
shall write A, B, C, . . . to distinguish between different selectors even though the 
selectors may be of the same type. 

The path of each impulse through a selector network can be traced by means of the 
logical connectives "not", "and" and "or". We shall employ the following symbolic 
notation: 

A denotes "not" A 

A&B denotes A "and" B 

A V B denotes A "or" B 

Any combination of the above expressions, such as (A & B) v C, is called a Boolean 
polynomial. A = B means that A and B are logically equivalent. 

The symbolic representation for two selectors A' and A'^, connected in series, is: 

T \ "^ 

(a) N °\° A'aA-* 
C yf ^ 

o o 

(b) V "^ A'&A- 




(C) o^e^ A'&A-' 

(d) V ° A'&A' 

^^ 

Two selectors A' and A"*, connected in parallel, can be described as- 

(a) " » A' vA-* 

Y 

o 1 o 



(b) ^ ^ A* v A-* 

r 

o — rT 

(c) ° ^ A* vV 



Y 
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Examples involving several selectors 

(1) 




A^ V A-*' 



A & (B V C) 



(A&B) V C 



{[A&B&(C vD)] vE} &F 



A B C D E F 
It should be observed that in the above notation a Boolean polynomial corresponds to 
the path of a single impulse through a chain of selectors; i. e. a single source pulse is 
entered into the selector (indicated by an arrow pointing toward a selector hub), wired 
through the selector network, and is available as a single terminal pulse out of the 
selector (indicated by an arrow pointing away from a selector hub). 



SOURCE 
o— — 



SELECTOR 

-o- 

NETWORK 



TERMINAL POINT 
»-o 



In case several source pulses are wired through a selector network into one terminal 
point, 




or one source pulse is wired through a selector network into several terminal points. 




or several source pulses are wired through a selector network into several terminal 
points, each impulse has to be traced through separately. Thus, each path is described 
separately by a Boolean polynomial. 
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Ill Examples 

In this section the method of Boolean notation will be further illustrated by a 
selection of examples that occur frequently in wiring diagrams. 

A B C D 

/ / / / 




A&B&C &D 



^ 




// 



A &B 



/ 



A&B&C 



4. 



/ 



NW 



A&B&C&D 
~&B&C &D 



In the subsequent examples a selector may have several positions. In accordance 
with previous notation, subscripts will be used for selectors with more than one 
position. 

° >• A & Bi & Ci 



■* A & Bi & Ci 




♦-A &Bi &C2 
> A&B1&C2 



A &B2 & C3 
*- A & B2 & G 



*• A &B2&C4 
*-A&B,&C4 



B 
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Note: Subscripts can be omitted when outlining a problem, but must be included when 
outlining a wiring diagram. A^, A^ and A^ should be used in place of A, B and C when- 
ever the selectors are of the same type. 

6. Algebraic signs of two quantities. 



* (A&B)v (A&B) 
+ or + - 




'r (A&B)v(A&B) 
+ + or - 



A B 

7. Algebraic signs of three quantities. 




{[(A&B) v{A&B)]&C}v 
{[(A&B) V (A&B)]&C} 



^{[(A&B) v(A &B)]&C}v 
{[(A&B) v(A&B)]&C} 



A B 

Examples in logic. 
8 . Equality (A if and only if B) 



A B 

9 . Inequality (A or B but not both) 



(A &B) V (A &B) 



X 



(A &B) V (A &B) 



A B 

Note: Algebraic signs can also be determined by means of examples 

8 and 9. 
10. Implication (If A then B) 

A V (A & B) 



y. 




B 
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11. By Boolean algebra* A v (A & B) = ( A v A) & ( A v B) = I & ( A v B) = 
A V B. Therefore, example 10 can be represented by the equivalent 
circuit: 

A vB 




Since a familiarity with Boolean algebra will aid the reader with the analysis of 
selector circuits, the fundamental laws of that algebra have been compiled in the next 
section. 

IV" Boolean Algebra 

This section contains a list of definitions, axioms and theorems encountered in ,^ 

Boolean algebra. 

Reference: Birkhoff and MacLane, A Survey of Modern Algebra, Chapter XI, 
Algebra of Classes. 

Consider sets of elements A, B, C, . . . Let I be the set that consists of the totality 
of elements contained in A, B, C, . . . , and denote the empty set, which contains no 
element, by O. 

Definitions: 

1. Inclusion relation 

A c B (A is contained in B) means that every element of A is also in B. In 
particular," A may be equal to B, i.e. A and B may consist of the same elements. 

2. Binary operations 

a) A & B (the intersection of A and B) is defined as the set of all elements con- 
tained in both A and B. 

b) A V B (the union of A and B) is defined as the set of all elements in either A or 
B or both. 

3. Unary operation ' 
A' (the complement of A) is defined as the set of all elements not in A. In , 
sections I to III, A' was denoted by A. However, in this section it will be more i 
convenient to use primes in expressions involving parentheses. 

The symbols & and v will be called "cap" and "cup", respectively. 



♦applying the distributive, complementarity and intersection laws in that order; see 
section IV. 
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The following laws are stated without proof. For proofs of any of the theorems, 
consult the reference on the preceding page. 

Laws of the inclusion relation 

Reflexive: For all A, A c A 

Anti-symmetric: If A c B and B c A, then A = B 

Transitive: If A c B and B c C, then A c C 

Laws of the operations of intersection and union 

Idempotent: A&A = AandAvA = A 

Commutative: A&B = B&AandAvB=BvA 

Associative: A & (B & C) = (A & B) & C and 

A V (B V C) = (A v B) V C 
Distributive: A & (B v C) = (A & B) v (A & C) and 

A V (B & C) = (A V B) & (A V C) 
Relation between intersection, union and inclusion 

Consistency: The three conditions A; c B, A & B = A, and 

A V B = B are mutually equivalent. 
Properties of O and I 

Universal bounds: O c A cl for all A 

Intersection: O & A = O and I & A = A 

Union: OvA = A andIvA = I 

Relation between intersection, union and complementation 

Complementarity: A & A' = O and A v A' = I 

Dualization: (A & B)' = A' v B' and 

(A vB)' = A'&B' 
Involution (double negation) (A')' = A 

The generalized dualization law : 

To find the complement of an expression (Boolean polynomial) built up from primed 
and uni)rimed letters by cups and caps (but not using primed parentheses), interchange 
cups and caps throughout, prime each unprimed letter and unprime each primed letter. 

As a result of this law and the involution law, any expression enclosed by a primed 
parenthesis can be replaced by the equivalent dual expression where all primes have 
been moved inside the parenthesis. 

By applying the distributive law, any cap standing outside a parenthesis containing 
a cup, can be moved inside the parenthesis. Thus, any expression can be transformed 
into a new equivalent expression which is a union of unprimed terms, where each term 
is the intersection of primed and unprimed letters. 

Furthermore, if a letter appears twice in a term, one occurrence may be omitted. 



31 



for A & A = A. If the letter appears in the same term both primed and unprimed, the 
whole term is zero, since A & A' = O. 

In Logic, A, B, C, . . . represent statements (propositions) which can be either 
true (I) or false (O). Similar to sets, these statements can be combined by the logical 
connectives "and", "or", and "not" to give new statements. We write: 

A &B for A "and" B 
AvBforA"or"B or both 
A' for "not" A 

The truth-value (true or false) of these basic statements is given in the following 
table. 



A 


B 


A&B 


A vB 


A' 


I 


I 


I 


I 





O 


I 


O 


I 


I 


I 


O 


o 


I 




o 


o 


o 


O 





Statements formed as a combination of these basic statements can be either true or 
false, depending on the truth value of the individual components (statements), A 
statement, such as A v A' = I, which is always true (regardless of the truth-value of the 
components) is called a tautology. 

It can be shown that the algebra of logic satisfies all the basic properties listed for 
the algebra of sets. Any abstract algebraic system satisfying these laws is called a 
Boolean algebra. 

The system of Boolean algebra is equivalent to Selector algebra, but is independent 
of the number of positions in a selector; i. e, independent of the subscripts. It is also 
independent of the direction of the impulse wired through a selector, A or A. 

For example, (Ai & Bi) v (Ag & Bj) can be represented as: 




which is equivalent to (A & BJ v ( A & Ba) 
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which in turn is equivalent to 
(A&B) V (A&B) 



A B 



A B 

Thus, while Boolean algebra may assist us in finding the minimum number of. 
selectors, it does not indicate how to find the minimum number of selector positions. 
An extension of the algebraic system is required for that purpose. 

As we saw in the above example, one double position selector with one input and 
two outputs, 



(1) 




Y 



is equivalent to 



/ 



Likewise, a double position selector with two inputs and one output 



(2) 




// 



is equivalent to 



^ 



Generalizing the above example to 4 selectors, we see that (Ai & Bi & Ci & Di) v 
(A2&B2&C2&D2) 




A B C D 
is equivalent to (A & Bi & Ci & D) v ( A & B2 & C2 & D) 
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A B C D 

where substitutions (1) and (2) have been made for selectors A and D respectively. That 

is, we have reduced the number of positions of selectors A and D, appearing at the ^ 

beginning and at the end of the parenthesized expressions, respectively, once with and h' 

once without the negation bar. This can be generalized further. We have shown in 

section IV that each Boolean polynomial can be expressed as a union of parenthesized 

terms where each term consists of an intersection of primed and unprimed letters, no 

two of which appear in the same term. For such Boolean polynomials, expressed as 

unions of intersections, the selector circuits can be represented symbolically by 




where each I I represents the wiring circuit of a parenthesized term consisting of 

intersections of primed and unprimed letters. Since each letter appears at most once 
once in a parenthesis, a I I will require for each letter at most a single position of 

the corresponding selector, (i.e. the selector identified by that letter). However, the 
number of selector positions can be reduced by successive substitutions (1) and (2) 
[see preceding page] in such a way that a single selector position can be utilized by 
more than one I I . Applying the commutative and associative laws, we can move 

any letter to the leftmost or rightmost position of a parenthesis. Moving the same 
letter, say A, (primed or imprimed*) to the left of each parenthesis, we see that a 
single position selector will suffice for all I I . This follows from the fact that due 

to the distributive and associative laws, 

(A & B & C) V (A & D & E) = A & [(B & C) V (D & E)] 



*note that we use primes a:nd bars interchangeably 
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Applying this to the case of selectors, we obtain an expression of the type: 

{A&[( )v( )v...v( )]} V {A'& [( )v( )v...v( )]} V 

{( )v( )v...v( )) 

where A and A' have been factored out of all terms they appeared in, and each ( ) 
represents a term now devoid of A or A'. The third { } represents terms that did not 
contain A or A' to begin with*. The letter that appears the greatest number of times in 
the parentheses should be chosen as the letter to be moved left (factored out) first. 
Next, we move another letter, say B (again selecting the letter that appears the greatest 
number of times in the ( ) to the left, adjacent to A. We continue in this manner, and 
also proceed similarly by moving letters to the right until half of the letters have been 
moved into either direction. Thus, the polynomial, 

(A&B&C&D)v(A&B&C&D)v(A&B&C&D)v(A&B&C&D) 
can be represented by, 




A B C D 

If will be observed, of course, that this expression is symmetric with respect to 
the left and right pairs of letters. For any letter omitted in any of the parentheses, an 
empty hub will appear in the diagram. For example, omitting C in the second parenthe- 
sized term, the diagram becomes: 



* It can be shown (Birkhoff and MacLane, op. cit. , paragraph 5, pp 320 - 323) that by 
adjoining the factor A v A' = I by means of an & to the entire polynomial, whenever a 
term does not contain A or A', each parenthesized term of the resulting polynomial will 
contain each letter (primed or unprimed) once and only once. Identical parenthesized 
terms (connected by a v) can be omitted, since A v A = A. Thus, we have found a unique 
expression for any Boolean polynomial as a union of intersections. 
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For any additional parenthesized term (no fifth letter can be added to any parenthe- 
sis, because each letter can appear only once, primed or unprimed) additional selector 
positions may be required. Suppose we add the term (A & B & C & D) to the above 
expression. Then the diagram will be: 




The split wire, 




would not only add the term (A & B & C & D) but also its symmetric dual term (A & B 
&C&D). 
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Another approach is to factor out a combination of letters of the original polynomial. 
Thus, we can write: 

(A&B&C&D)v(A&B&C&D)v(A&B&C&D)v(A&B&C&D) = 
[(A&D&B&C) V (A &D&B&C)] V [(A &D&B&C) v{A &D&B&C)1 = 
{(A&D)&[(B&C) v(B&C)]} V {(A&D)&[(B&C) v(B&C)]} = 
[(B & C) V ( B & C)] & [(A & D) V ( A & D)] 
which is represented by the simple diagram: 



B 



The total number of selector positions in case of n selectors should never exceed 
2° + 2^ + 2^ + . . . + 2°-* as demonstrated in example 5, (section lU) which illustrates all 
possible combinations of 3 selectors. 2" is the number of choices that can be obtained 
by a combination of n selectors. That arrangement yields the maximum number of 
choices with the minimum number of selectors. It is used, in general, when a single 
source pulse is to be distributed through a selector network into several distinct, 
mutually exclusive conditions. Each of these conditions (i.e. impulses represented by 
arrows pointing away from the selector hubs in example 5) corresponds to a polynomial 
which is an intersection of letters and in which each letter is represented once, and 
only once (primed or unprimed). Furthermore, we notice that each possible combi- 
nation of letters is represented once, and only once, by such a "Christmas tree" 
arrangement of selectors. Whenever any of these basic polynomials are to be combined 
by unions, the arrows corresponding to these polynomials would be split-wired. This 
is a systematic way to obtain any polynomial consisting of unions of intersections. It 
may then be possible to reduce the number of selector positions by applying any of the 
preceding transformations and substitutions. 

This article is not intended to show any specific method to determine the wiring 
that requires the minimum number of selector positions. It merely attempts to analyze 
methods to detect the equivalence between two selector networks. This analysis seems 
to indicate that the number of selector positions can be reduced by a suitable factor- 
ization of the Boolean polynomial associated with the particular selector network. 
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AUTOMATIC INVERSION OF FIFTEEN-STATION 

WEISSINGER CIRCULATION MATRICES 

Murray L. Lesser 

Northrop Aircraft, Incorporated 
Hawthorne, California 



Introduction 

The use of the fifteen- station Weissinger method to calculate the spanwise airload 
distribution on a tapered, swept wing requires the inversion of an eighth or seventh- 
order matrix (for the symmetrical or anti- symmetrical case, respectively) for each 
case investigated. As this method is used extensively, it is desirable to reduce the time 
and effort required to invert these matrices to a practical minimum. Consequently 
control panels for the IBM CPC, Model II, have been designed to perform this inversion 
by automatic programming in about seven minutes (for an 8X8 matrix) using, as input 
mformation, one punched card for each row of the matrix. As implied in the term 
"automatic programming", the machine generates its own instructions as to the 
manipulation of the data entered on the cards. 

The mathematical procedure used is equivalent to that of transforming the given 
matrix and a unit matrix simultaneously, essentiaUy by elimination, until the original 
matrix is replaced by a unit matrix and the unit matrix by the desired inverse. A check 
column is carried, and the check sum for each row is computed and printed automatically 
at the end of operating on each row. 

The original matrix is fed into the machine, one row per card, and the first 
column is eliminated, simultaneously adding a column of the transformed unit matrix 
Operation is by row, and a single summary card is punched carrying the equivalent row 
of the transformed matrix. The eight summary cards are then fed back into the machine 
producing the second transformed matrix, etc. This process is repeated -n" times ' 
(for an nth-order matrix), with the desired inversion appearing on the last set of summary 
cards. The only card handling required is to remove the summary cards from the punch 
place the first one at the end of the group, add a blank card to the back of the stack and ' 
reinsert into the 418 card feed. No auxiliary card-handling machines are required 
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Mathematical Operations 

The eighth- and seventh-order circulation matrices obtained during the application 
of the fifteen- station Weissinger method have several characteristics leading toward 
ease of inversion. In particular, there is always a predominant main diagonal with the 
maximum absolute value term as the leading term (having a value of the order of ±40) 
and decreasing (on the diagonal) to a value of about ±8. The terms on the diagonal are 
aU of the same sign, being negative for the symmetric case (n=8) and positive for the 
anti-symmetric case (n=7). Since the matrix represents a set of non-singular physical 
quantities, (as long as the original analysis was performed for a set of physical conditions 
within the limitations of the theory) there are no singularities, and the whole process of 
inversion is relatively well-behaved. 



Figure 1 



COL. I 
00000000 

I 2 3 « i ■ 1 I 

11111111 

22222222 
33333333 
44444444 
5J5S55B5 
66E666GG 
77777777 
88088888 
99999999 

I J 3 4 9 I 7 8 



COL. 2 

00000000 

I 10 It II 13 H » IB 
11111111 

22222222 
33333333 
44444444 
S555S55S 
SE666666 
77777777 
888BB8B8 



COL . 3 
00000000 

IT IS 1) 10 II Z2 23 » 
11111111 

22222222 
33333333 
44444444 
5S55555S 
686BG6BS 
77777777 
888B888B 



99999999 

9 10 11 11 13 14 11 IB 



99999999 

IT 11 IB 10 n & 13 14 



COL. 4 
00000000 

I1IE2II1IB10 3I3I 
11111111 

22222222 
33333333 
44444444 
55555595 
E66G6GEB 
77777777 
88888888 
99999999 



COL. 5 



OOOOOOOO 



COL. 6 



COL. 7 



OOOOOOOO 

33343S38 37 3033 4«|4t4I4344434S47« 
11111111 

22222222 
33333333 
44444444 
5S5S5555 
GEEGEEEE 
77777777 
88888888 
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I9IlI7IlI93a313I33 343938 37 383910 



11111111 

22222222 
33333333 
44444444 
55559555 
6G6E66GB 
77777777 
88888888 
99999999 

41 41 43 44 43 4B 47 41 



OOOOOOOO 
HS0S11I13345556 
11111111 



C0L.8 
OOOOOOOO 

)7 SB 59 GO El ei E3 M 
11111111 



22222222 
33333333 
44444444 
55555555 
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77777777 
88888888 
99999999 

4Biai11I13949!M 



22222222 
33333333 
44444444 
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77777777 
88888888 



CHECK 
COL. 

OOOOOOOO 

S1B1I7B1B970 7171 
11111111 

22222222 
33333333 
44444444 
55555555 
E666666B 
77777777 
88888888 



99999999 
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CONTROL 
X 

OOQOOO 

74 75 7B 77 7B 7S 
111111 

222222 
333333 
444444 
555555 
66E6EE 
777777 
888888 



99999999 

eilll76t«B70 717? 
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GO 
1 

2 
3 
4 

5 
B 
7 
8 
9999999 

74 73 7S 77 71 71 10 
5081 



NOTE- Negative quantities indicated by an "X" (11) overpunch in low-order card column 
of number field (i.e. if matrix column 1 term were negative, there would be an X 
overpunch in card column 8, etc.) 

The matrices are obtained directiy from a card-programmed CPC run as summary 
cards. There is one card for each row (Fig. 1) containing, in addition to the values of 
each column of the matrix for that row, a "check" column computed by the expression: 



M,e = - 1 - 






Mii 



(1) 



where the My are the j terms of the ith row of matrix M of order n, and M^ is the 
check column term of the ith row. During the transformation process, use is made of 
the fact that for any row of the transformed matrix M' 



S' = M'.'c + S M'i; = -1 



(2) 



Thus, the check sum S' , is computed and printed simultaneously with the trans- 
formation of each row as a visual indication to the operator that no machine error has 
occurred. (Note: it is not believed that the variation of S' from -1. 000000 has any great 
significance as to the error involved in the inversion, as the process appears to be 
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somewhat self-healing. The usual variations from -1 involved in using the procedure 
seem to have maximums of the order of ±0.000006. Six decimal places are carried 
throughout. ) 

The elimination process consists of setting up each term of the diagonal, in turn, 
as the leading term of the matrix, and introducing, in a combined matrix, the first 
column of the unit matrix. Thus, effectively, before each transformation the matrix 
appears as follows: 



Mil Mi2 . . . Mij . . . Min 

M21 M22 



M, 



M, 



M. 



Mnj 



.M, 



.M„ 



M, 



Ml, 



M„ 







Only the columns 1 to n, and c appear on the card. The unit column is manufactured 
by the machine during the computation process. 

The first row is operated on by dividing the remaining terms in the row by Mn , 
and storing the n + 1 terms in the storage registers of the machine, as well as printing 
and summary punching the terms. Thus, 



M' 



'ij =Mij /Mil 



(3) 



where M'lj is the transformed term. At the same time, the check sum is being 
accumulated, and is printed immediately following the printing of the row. 
The remaining rows are operated on to eliminate column 1. Thus: 



M'ij = Mij - Mu M'lj 



(4) 
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The transformed matrix then becomes 



1 




M\^....M.\j ...M'i„ 
M'22 • • . • M'aj . . . M'zn 



M'i2 . . .M'ij...M'in 



M'„2. . .M'„j...M'„ 



M' 



2c 



M', 



M'„ 






M'i, 



M' 
n 



No operations are actually performed on the first column and it does not appear 
in the results. On the summary cards, the transformed column 2 is located in the 
column 1 field, column j in the (j-1) field, and column u in the column 8 field. The rows 
are renumbered (automatically) so that the transformed row 1 becomes row 8, and all 
other row numbers are decreased by one. Thus, the process is ready to be repeated if 
the new row 8 card is removed from the front of the summary stack and placed at the 
end. 

Table I shows a list of a typical eighth-order matrix obtained during the Weissinger 
process. Immediately below this is shown the first transformed matrix. The third 
listing in Table I is a list of the last set of cards, showing the inverse of the original 
matrix. 
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Table II presents the results of taking the matrix product [M M'^]. As can be seen, 
the maximum "error" is 0.000067. The magnitude of this error is largely due, it is 
believed, to the effect of the large difference in number of significant figures involved 
in the leading terms of the first row of the original matrix and in any column of M ^ 
(The total error could be explained by an error of about 1^ units in the low order digit of 
any term in M"^ that multiplies Mn). As a rough check on this, a few terms of the 
matrix product [M'^M] were calculated, and the maximum error involved appeared in 
column 1 and was of the order of 0.000040 (not shown). This general order of accuracy 
is sufficient for the Weissinger process. However, an increase in accuracy could be 
obtained if desired (with slight wiring changes on the 605 panel) by shifting the decimal 
point in the original matrix such that all terms were divided by 10. This would produce 
an inversion with one more significant figure in each term, with no change in the operating 
procedure or time for inversion. (The same number of digits— a maximum of eight- 
would be handled in either case. The differences would be in the internal shifts in the 
605). 



Table II 
Matrix Product [M M~^] 



0.999976 
0.000017 

-0. 000001 
0.000005 

-0.000010 
0.000005 
0.000001 
0. 000000 



-0.000021 
1.000000 
-0.000008 
-0.000008 
-0. 000002 
0.000004 
-0.000003 
-0.000003 



0.000043 

-0. 000006 

0.999999 

0. 000004 

-0. 000009 

0.000001 

0. 000002 

-0.000001 



-0.000067 
0.000009 

-0.000005 
1.000004 
0. 000002 

-0.000007 
0.000000 

-0.000002 



-0.000008 

-0.000019 
0.000014 
0. 000000 
1.000002 

-0.000009 
0.000003 

-0.000002 



-0.000025 
0.000014 
0. 000002 

-0.000010 
0,000006 
0.999993 
0.000005 

-0.000002 



0. 000010 

-0. 000002 

-0.000003 

0. 000003 

0. 000003 

0. 000000 

1.000002 

-0.000001 



-0.000003 

0.000008 
-0.000007 

0.000004 
-0.000001 

0.000001 
-0.000002 

1.000000 



Machine Wiring - (605 Panel) 

The 605 is only required to perform two basic operations. These are: to compute 
M'lj (first row terms), and to compute M'lj (remaining row terms). In addition, the check 
sum is accumulated and stored within the 605, to be brought out when needed, and provision 
is made to generate the correct row number to appear on the summary card. Due to the 
well-behaved nature of the Weissinger matrices, it is not really necessary to worry about 
overflows due to effective singularities. However, since it may be desirable to invert 
other matrices of order 8 or less with the same set-up, and since there was no cost in 
operating time, checks were inserted to stop the machine if overflow occurs. 

All numbers are carried in eight-digit form (six decimal places). The three-digit 
electronic storages were assigned 8-6, and all were coupled into 8-digit groups (FS 1-2, 
FS 3-4, GS 1-2, and GS 3-4). The 605 planning chart is shown in Fig. 2. The convention 
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adopted for the three columns to the left of the program numbers is as follows: column 
one refers to the program levels picked up by a "Program Source" pulse through the 
transferred pomts of the "Calc" selectors indicated. Where two numbers are shown, 
pick up is through either selector (wired in parallel). As there were a surplus of points 
available on the Calc selectors, "Program Source Filters" were not used. Column two 
signifies impulses fromx the test-result hubs indicated are carried directly to the suppress 
hub shown (no selectors involved). Column three entries signify "Suppress on no test" 
impulses carried through the transferred points of the Calc selectors noted to the 
suppress hubs. Only Panel A of the board is used for this set-up. 

The storage RI and RO inverter hubs are coupled into groups, and the pulses 
shown refer to both storages in the group. The notation "BT" refers to "Balance Test 
for Step Suppress", while "BT NBS 1" refers to "Balance Test for Selector Pick-up, 
Negative Balance Selector No. 1". The remaining notation is obvious. ("Program 
Expansion" is used where necessary). 

Calculate selector No. 1 is used to compute the transformed terms of matrix row 
1. Program levels 1-9 check the relative magnitudes of Mu and Mjj (FS 1-2, and FS 3-4 
respectively) to assure that the quotient M'lj S 99.999999. If this is not so (effectively 
dividing by zero). Negative Balance Selector No. 1 is transferred, thus stopping the 
machine (see discussion of 418 wiring). Matrix column 1 is entered directly from the 
card into FS 1-2 and is held in the 605 throughout the remaining cycles of that row. 
Matrix column 2 is entered directly from the card into FS 3-4, and is replaced by the 
remaining terms of the matrix, in turn, that have been stored in the 418 counters. The 
check sum is accumulated in GS 3-4 (program levels 21-23), which was cleared on the 
card-feed cycle initiating the row. The transformed term is left in the Electronic 
Counter (level 23) for transfer to the Storage Register (941), and to 418 counters or to 
punch and type magnets. The transformed row number, "8", is emitted into 3S 2 on 
level 24 to be available for read-out during the punching cycle. Previous M'lj terms 
(from earlier transformations) are read into GS 1-2 on each cycle, but are not used. 
(Note: It is possible to use GS 2 for both Read In and Punch Out in this manner, as the 
two operations are not occurring at the same time). 

The transformed terms of the remaining rows are computed on Calc selector 2. 
The high-order digits of the transformed term are stored in FS 3-4 after computation, 
to check for possible multiply- overflow (levels 36, 40-44). The check sum is 
accumulated as before on levels 37-39. The transformed row number is ematted into 
GS 2 on level 46 (on operation 2 only) through a chain of Calc selectors under control of 
Pilot selectors on the 418 panel (see 418 wiring section and Fig. 7-B). 

Calculate selector 3 is used to transfer the check sum to the Electronic counter 
for return to the 418 type bars. 
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Machine Wiring (418 Panel): 

The 418 serves as the control center for the entire operation. It also serves to 
store the terms of the original matrix row until needed in the 605, and the transformed 
terms until they are cleared out of the counters bj- summary punching and printing. The 
CPC is made to generate its own program through the use of the "Special Program" 
feature and the Field Selectors. Control from information on the read-in cards is 
maintained through the automatic (or CB) cycles by virtue of the fact that Pilot Selectors, 
when picked by "X" or "D" pick-up, will remain transferred through the following card 
cycle— irrespective of how many CB cycles intervene. Over-all control is maintained 
by Field Selector No. 2, rather than by use of the "Program level exits" provided on 
the 418 panel. The 418 panel wiring is shown schematically in Figs. 3-7. 

The terms of a row of the matrix are entered into the machine as shown in Fig. 3 
The column 1 term is entered directly into the 605 FS 1-2, and remains there during 
the following CB cycles. The matrix column 2 term is entered into FS 3-4, and the 
remaining terms on the card are entered directly into 418 counters. Sign control is 
shown in Fig. 4. On successive CB cycles (operations on the remaining terms in the 
row), the remaining terms of the row are entered into the 605 through the entry selector 
chain shown in Fig. 3. Transfer of any selector-pair in this chain connects "Counter 
Exit" to the 605 FS 3-4 Entry, Counter "Negative Balance Test Exit" to the sign entry 
hubs of both FS 3 and FS 4, and an "All-Cycles" pulse to the Counter Total Hub; thus 
reading-out and resetting the counter group. Conversion is prevented by the wiring shown 
at the bottom of Fig. 4. (Note: The term "Counter" as used herein actually refers to 
a counter group. The counters are coupled into eight ten-digit groups as shown in Fig. 
3. The groups, carrying eight digits and sign, are considered as individual counters 
for purposes of discussion.) 

The returning transformed matrix term is transferred from the "Electronic 
Counter Exit" to the "Channel C Shift Entry" as shown in Fig, 5. The shift feature is 
not used— the wiring is'such that the number appears as the low-order eight digits at the 
Channel C hubs with no shift. Wiring to the various counter entries is through Field 
Selector No. 1, as shown. During row 1 operations only, the number is also transferred 
to 941 storage by means of Channel C (see Fig. 7-A). The transformed row 1 terms, 
used in the calculation of the remaining rows, are brought to GS 1-2 entry from Channel 
A (Fig. 3), 

Print and punch wiring is shown in Fig. 6. The counter-exits are wired directly 
to type^bars, with one exception, as shown. This allows simultaneous conversion, 
summary-punching and printing of all terms in the row at the proper time, the unit 
column value being printed directly from the 605 counter. The selector arrangement 
(picked up by "Set Up Change Switch #1") shown in Figs. 3 and 6 allows listing of any 
set of matrix cards directly without performing any operations thereon, and without 
initiating any program (CB) cycles (see Table I and Fig. 7-A). Negative signs, for 
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Data Entry Circuits: 
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Data Entry Circuits - Sign Control: 
Card Entry: 



Fig- 4 
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Data Return (from 605) Circuits; 



Fig. 5 



Field Selector No . 1 (See Control Circuits for PU) 
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summary punching, are carried from the counter "Transfer and SP Control Minus" to 
the 527 through the "SP Control" entry hubs. Use was made of corresponding numbering 
as a memory aid. As may be noted from Figs. 4, 6, and 7-B, the "Negative Balance 
Test Exits" are wired to the "Negative Balance Control" hubs only during the punch- 
print cycle. Thus, there is no conversion before reading out to the 605. 

All control circuits are shown in Figs. 7-A and 7-B. Primary control is 
through Field Selector No. 2 (Note: The sequence is Normal (CF cycle) followed by 
levels 1 through 9 in turn). The left-hand column on the Field Selector distributes 
"All Cycles" pulses to the elements of the entry selector chain shown in Fig. 3. It 

should be noted that at level 8, there is a further control through PS 10 this latter 

selector being transferred only during row 1 CB cycles (and the CF cycle that loads 
row 2). Thus, the 01. 000000 for the unit column is entered only for row 1, and zero is 
entered into FS 3-4 for the unit-column term on the remaining rows. The entry-chain 
selectors are transferred, by I. P. U. , on the cycle that the factor is needed in the 605. 

The next two columns of the Field Selector carry emitted digits (from the "C 
Emitter") to form the Channel C Control to load the transformed terms of the first 
row into the 941 storage. In accordance with the timing requirements of the CPC, these 
instructions are made available to the Channel C Control on the cycle during which the 
factors are sent to the 605 (one cycle before the answer returns). The selector arrange- 
ment shown between the Field Selector Common and the Channel C Control is required 
to allow instructions to reach Channel C Control only for the row 1 terms. Control for 
these selectors is shown in^the lower left corner of Fig. 7-A. 

The next two Field-Selector columns supply emitted digits for Channel A Control. 
The fact that Channel A receives instructions (and thereby supplies whatever numbers 
happen to be standing In the corresponding 941 positions) during row 1 operation is not 
important, as no use is made of the values read into GS 1-2 during these operations. 
In accordance with the timing requirements, the instructions are made available to the 
Channel A Control one cycle before the factor is required. 

Column six of the Field Selector controls the Field Selector advance. Advance 
is initiated by the "Card Count" pulse (a "one") that also starts the program, carried 
through the transferred points of PS 6 (picked by the upper brush— "Second Reading"— 
control "X" in card-column 73). Successive advances of the Field Selector are made 
from the digits emitted at each level. The Field Selector pick-up pulse is carried 
through the normal points of Negative Balance Selector No. 1 and CS 85-66 (matrix list) 
to stop advance if an overflow occurs, or prevent advance during the "Matrix List" 
operation. The pick-up for the two Field Selectors are wired together, so that the data 
return circuit in Field Selector No. 1 (Fig. 5) is synchronized with the control circuits. 
(It should be noted that Channel C is connected to counter entry during the cycle on which 
the answer returns from the 605.) 
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Fig. 6 



Print and Punch Circuits; 




CS 11-12 



oints 
ata 


ftp 


V « 






^ ■ U 


h5^ 


HOW 



3 

ra_o 



CS 69 - 70 



\ 



• — All Cycles 



C.G. Total Hubs 



Note; Each Counter Group 

Wired through individual 
Points of CS 69 - 70. 



Summary Punch Sign Control; 

"Transfer and SP control minus" hub for each counter group wired to 
"SP control entry" hub having the same number as the counter group. 
(See Control Circuits for Summary Punch PU.) 
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Since, during "Special Programming", a list stroke will normally be taken on 
each CB cycle, and on the first CF cycle following a CB cycle, printing must be inhibited 
during CB cycles 1 through 8 when the transformed values are being returned to the 418 
counters. This is done as shown in Field Selector column 7 in Fig. 7-A. An All-Cycles 
pulse is carried through the B side of Toggle-Switch 1 (and through CS 65-66) from 
levels 1 through 8, to Non-Print. In addition, a Card-Cycles pulse is carried to all 
"Counter Exit Suppress" hubs to prevent detail-listing the input data from the cards 
during the cycle the check sum is being printed. If it is desired to see all the inter- 
mediate results (for checking), this is accomplished by throwing Toggle-Switch 1 to "A". 
The Card-Cycle to List connection is required to detail-list the row 1 card. Printing 
and punching from the 418 counters is controlled by the level-9 All-Cycles pulse as 
shown on the SP PU bus diagram on Fig. 7-B. 

Calculate Selector pick-up is controlled by Field-Selector column eight (Fig. 7-A). 
Levels N and 1 through 8 pick up either Calc selector 1 or 2, as controlled by selectors 
PS 56 and PS 57 (through CS 65-66). A 9-common pulse is used to pick up these 
selectors. Calculate selector 3, and "Program Stop" are controlled from level 9. The 
method of interposing an absolute stop if an overflow occurs (transferring Negative 
Balance Selector No. 1) is shown in Fig. 7-A, and also in Fig. 7-B where the coupling 
exit is shown wired to machine stop. 

The 605 Entry and Exit Read In and Read Out controls are shown in Fig. 7-B, as 
weU as the method used to emit the correct row number in the 605. Here, again, use is 
made of the fact that Pilot Selectors picked on "X" or "D" P. U. will hold through the 
following CF cycle. 

The 527 (punch) wiring is straighforward, and is shown in Fig. 8. 

Operating Procedure 

The operating procedure is fairly obvious from the foregoing discussion of the 
mathematical treatment and the wiring. To recapitulate: A Final Total is taken. 
Matrices, one row per card in the form of Fig. 1, are fed into the 418, producing a set 
of summary cards containing the rows of a transformed matrix. (One blank card must 
follow the row-8 card). The summary cards are put in proper row order by removing 
the row 8 card from the front of the stack and placing it at the back, to be followed by 
a blank card (discarding the three extra cards one gets from the punch each time.) These 
cards are then fed into the 418, repeating the process n times in all to invert an n-order 
matrix. Any matrix set may be listed directly by turning on Set Up Change No. 1 (such 
a list must be followed by a "Final Total". ) If the check-sums show an error was made 
on a particular row, the process may be stopped at the end of the next row by holding 
down the "stop" switch, the cards cleared by use of "non-print runout", a Final 
Total taken, and the particular transformation rerun. If the error persists, it is 
probably due to a punch error on the previous transformation, so the process should be 
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Fig 7-A 



Control Circuits: 
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Control Circuits: 



Fig. 7-B 
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Summary Punch (527 Panel) Circuits; 
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repeated going back one set. 

If seventh-order matrices are being run, the matrix column 8 Field (Fig. 1) is 
left blank on the original cards. As the inversion process proceeds, the blank field 
moves back to the left, one column at a time. At the end of the seventh pass (inverse 
matrix), the column-one field will be the blank field. 

WARNING: Run with "Last Card Auto Total" OFF. 

Concluding Remarks 

The method of matrix inversion on the IBM CPC, Model II, described herein has 
been found to be extremely effective for the use intended, i.e. , inverting the Weissinger 
Circulation Matrices. Its advantages are that it is nearly as rapid as is theoretically 
possible (only one machine cycle per transformation per term plus a minimum of con- 
version and punch cycles are used), it requires no extensive card handling and no 
auxiliary equipment other than the CPC, and it provides a running, visual check for 
machine error as the inversion proceeds. The loading cards (original matrix) may be 
obtained directly from a summary-punched CPC pass in which they were computed, 
requiring no intermediate handling, or they may be key-punched. 

Without modification of the control circuits, an appreciable loss in computing time 
occurs (as compared to the optimum) if the order of the matrix is much less than 7, but 
such changes may be easily made if desired. It is also possible to extend the procedure 
to higher-order matrices by carrying as many terms as possible per card (more than 
one card per row), and modifying the control circuits accordingly. The theoretical 
limit would be of order one less than the number of 941 -register positions available, 
or even larger matrices might be inverted by parts. However, there is need for a 
"round-off error" analysis before the procedure is extended indefinitely. 
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